MicroRNA-214 • Mitofusin-2 • Pelvic floor dysfunction • Adipose-derived mesenchymal stem cells • Fibroblast Abstract Background/Aims: This study investigated whether microRNA-214 (miR-214) targets mitofusin-2 (Mfn2) in the process of fibroblast differentiation of adipose-derived mesenchymal stem cells (ADMSCs) during pelvic floor dysfunction (PFD) in Sprague Dawley (SD) rats with birth trauma. Methods: The ADMSCs were isolated from 4-6 week male SD rats (n = 20) and were cultured and divided into the blank, miR-214 mimic negative control (NC), miR-214 mimic, miR-214 inhibitor NC, miR-214 inhibitor, empty vector, Mfn2 over-expression and miR-214 + Mfn2 over-expression groups. Fibroblast differentiation of ADMSCs was measured with immunocytochemistry and immunofluorescence methods. The expression of miR-214 and the mRNA and protein expression of Mfn2, FSP1, Collagen I, Collagen III, Elastin, LOX, Fibulin-5, PPAR-γ and Runx2 were detected using quantitative real-time polymerase chain reaction (qRT-PCR) and Western blotting, respectively. A dual-luciferase reporter assay was performed to confirm whether Mfn2 was the target gene of miR-214. Results: During ADMSC differentiation into fibroblasts, miR-214 expression was up-regulated, but the expression of Mfn2 was down-regulated. Fibroblast differentiation of ADMSCs was promoted in the miR-214 mimic group but was inhibited in the miR-214 inhibitor and Mfn2 over-expression groups. The expression of Mfn2 was decreased, but the expression of FSP1, Collagen I, Collagen III, Elastin, LOX, Fibulin-5, PPAR-γ or Runx2 was increased in the miR-214 mimic group; the miR-214 inhibitor group and Mfn2 over-expression group exhibited the opposite results. Mfn2 was J. Wu and J. Li contributed equally to this work.
digested with a working solution of 0.75% Collagen I at twice the volume of the adipose tissue at constant temperature in a shaker at 37°C for 90 min, added to DMEM medium containing 20% fetal bovine serum (Invitrogen, Carlsbad, CA, USA) to terminate the digestion and then centrifuged for 5 min at 1500 rpm. After the cells were washed 3 times using phosphate-buffered saline (PBS) solution and centrifuged for 5 min at 1500 rpm, the supernatant was removed. The single cell suspension was re-suspended in 5 ml of DMEM complete medium including 10% FBS, 100 IU/ml of penicillin, and 100 µg/mL of streptomycin (Invitrogen Inc., Carlsbad, CA, USA). Cells were adjusted to a concentration of 5 × 10 5 /mL, inoculated in T25 culture flasks, and incubated at 37°C in 5% CO2. After 24 h of incubation, the medium was refreshed, and nonadherent cells were removed. The medium was replenished at 2-3 day intervals, and the cells were observed every day with an inverted phase contrast microscope (Olympus Corporation, Osaka, Japan). When the cells reached approximately 80% confluence, the sub-culture was carried out. The third-generation rADMSCs were digested and aspirated to single cells and centrifuged for 5 min at 1,000 rpm in a 15 ml centrifuge tube, and the supernatant was removed. The cell suspension with a concentration of 2 × 10 6 /mL was made after being re-suspended with PBS and washed. According to instructions, monoclonal antibodies against mouse CD44, CD45, CD90, CD106, and CD34 labeled with fluorescein isothiocyanate (FITC), phycoerythrin (PE) and isotype matched negative control antibodies (Becton, Dickinson and Company, Franklin Lakes, NJ, USA) were added, and the mixture was incubated for 15 min in the dark. One ml of PBS was added and the mixture was centrifuged for 5 min at 1,000 rpm to remove the supernatant and was re-suspended with PBS. Flow cytometry was performed using a FACS Calibur flow cytometer (Becton, Dickinson and Company, Franklin Lakes, NJ, USA)
The 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay
The third-generation ADMSCs were seeded on 96-well plates at a density of 20,000 cells per well and cultured at 37°C in 5% CO2 for 7 days. Each group was generated in triplicate every day. Then, 20 μL of MTT fluid (5 mg/ml, Sigma-Aldrich Chemical Company, St Louis, MO, USA) was added to each well and the cells were incubated for 4 h at 37°C in dark. After incubation, the liquid was removed by transferpettor, followed by the addition of 150 μL of dimethylsulfoxide (DMSO). The absorbance value (A) at 490 nm was measured with a micro-plate reader (Thermo Fisher Scientific, USA) after the plate was shaken for 10 min. The growth curve of rADMSCs was drawn with A as the ordinate and culture time as the abscissa.
Adipogenic and osteogenic differentiation of rADMSCs
The third-generation rADMSCs were selected for the preparation of cell slides. Directional differentiation was induced when cells grew to 80% confluence. High glucose DMEM medium containing 10% FBS, 1 μmol/L dexamethasone, 0.5 mmol/L isobutylmethyl xanthine (IBMX), 200 μmol/L indomethacin, and 10 μg/ml insulin (Sigma-Aldrich Chemical Company, St Louis MO, USA) was used as an adipogenic differentiation solution (AI). High glucose DMEM medium, containing 10% FBS and 10 μg/mL insulin was used as adipose maintenance solution (AM). The adipogenic induction group was cultivated in AI for 3 days and then in AM for one day. This process was repeated 3 times, and the group was further cultivated in AI for 2 days. The whole differentiation process took 14 days altogether. High glucose DMEM medium containing 10% FBS, 1 μmol/L dexamethasone, 10 mmol/L β-sodium glycerophosphate, and 50 mg/L vitamin C (SigmaAldrich Chemical Company, St Louis MO, USA) was adopted as osteogenic induction medium. The medium was replenished at 72 h intervals. The differentiation progress took 14 days.
Oil red O and alizarin red S staining
Oil red O staining and alizarin red staining were used to identify adipogenic and osteogenic differentiation abilities of rADMSCs after 14 days of differentiation. Cells were washed twice with PBS and then fixed in 4% paraformaldehyde (PFA) at room temperature. After 15 min incubation, the cells were washed 3 times with PBS. Each well was stained with Oil red O or alizarin red (Sigma-Aldrich Chemical Company, St Louis MO, USA) for 1 h, washed in distilled water and filmed with an inverted microscope.
Fibroblast differentiation of rADMSCs in vitro
The third-generation rADMSCs were seeded in 6-well plates at a density of 30,0000 cells/ml; when the confluence of the cells reached 60%, fibroblast culture medium (high glucose DMEM medium containing 10% FBS, 15 ng/ml TGF-β1, 20 ng/ml bFGF, 0.1 μmol/L dexamethasone) was added to a total volume of 2 ml. The medium was refreshed at 24 h intervals, and the cells was cultivated for 14 days and observed under an inverted microscope. The non-induced group was used as the control group.
Immunocytochemistry and immunohistochemistry
After 14 days of rADMSC fibroblast differentiation, immunocytochemistry was used to detect the expression of fibroblast-specific protein 1 (FSP1). The medium was discarded, and the cells were washed with PBS 3 times, followed by fixation with 4% PFA at room temperature for 20 min and washing with PBS 3 times. After that, membranes were ruptured with 0.1% TritonX-100 for 10 min, followed by washing with PBS 3 times and incubation with normal goat serum at room temperature for 30 min; cells were further incubated with rabbit anti-rat FSP1 at 4°C overnight. After 24 h of incubation, cells were washed 3 times with PBS and incubated with streptavidin biotin-peroxidase solution at room temperature for 10 min, washed with PBS 3 times and stained with fresh ACE solution. Positive staining was identified with the light microscope as red granules.
The urethra and surrounding tissues were cut into sections and subjected to routine dewaxing, hydration and rinsing in PBS. Antigen retrieval (AR) was performed in 0.01 M EDTA (pH 8.0). After they were blocked with normal goat serum at room temperature for 20 min, the sections were incubated with rabbit anti-rat Elastin, Loxl-1, and Fibulin-5 monoclonal antibodies (1:200, Abcam, Cambridge, MA, USA) at 4°C overnight, rinsed in PBS and further incubated with biotinylated anti-rabbit IgG (Wuhan Boster Biological Technology, Ltd., China) at room temperature for 20 min. Then, the sections were washed with PBS, incubated with horseradish peroxidase-labeled streptavidin at room temperature for 10 min, washed with PBS and developed with diaminobenzidine (DAB) (Mai xin Biotechnology Development Co., Fuzhou, Fujian, China). After the sections were fully washed, the nuclei were counterstained with hematoxylin for 30 s, completely washed and differentiated with 0.1% hydrochloric acid. Finally, the sections were dehydrated in alcohol, cleared in xylene and sealed with neutral gum. The expression of ALP in the thigh bone was observed and photographed under a microscope. Positive staining was identified as brown granules. The integrated optical density (IOD) of ALP staining was analyzed with the Image-Pro plus 6.0 analysis system (Media Cybernetics, USA). Six fields in each section were randomly selected for quantitative analysis.
Immunofluorescence staining
After a 14 days fibroblast differentiation of rADMSC, the expression of Collagen I was detected using immunofluorescence. The cells were fixed in 4% paraformaldehyde for 15-20 min, washed 3 times with PBS, permeabilized in PBS with 0.2% Triton X-100 for 20 min and blocked with bovine serum albumin (BSA). After they were washed with PBS and incubated with rabbit anti-rat collagen I at 4°C overnight, cells were further incubated with Alexa488-labeled goat anti-rabbit IgG antibody at room temperature for 1 h in the dark, washed 3 times with PBS, mounted with 50% glycerin and observed under a fluorescence microscope.
Construction of Mfn2 over-expressed vector and miR-214 modified vector
Total RNA of rADMSCs was extracted with Trizol Reagent (Invitrogen Inc., Carlsbad, CA, USA). Reverse transcription was completed according to the manufacturer's instructions in the reverse transcription kit (Beijing Tian Yuan Biotechnology Co., Ltd., Beijing, China), and cDNA was obtained. Synthesized cDNA was used as a template; the Mfn2 gene (ID: 64476) CDS full-length sequence amplified by a specific primer PCR carrying HindIII and XhoI cleavage sites was inserted into the expression vector pcDNA3.1 to construct the Mfn2 overexpression vector pcDNA3.1-Mfn2. Oligonucleotide sequences of miR-214 mimic, miR-214 mimic NC, miR-214 inhibitor and inhibitor NC were synthesized by Shanghai Ji Ma Biological Co., Ltd. and then inserted into P2GM. The sequences of miR-214 mimic, miR-214 mimic NC, miR-214 inhibitor and inhibitor NC are shown in Table 1 .
rADMSC grouping
The third-generation rADMSCs were seeded onto 6-well plates at a density of 300000 cells per milliliter and cultured for 24 h at 37°C in an incubator with 5% CO2. Cells were divided into the following 8 groups: the blank control group, the miR-214 mimic group, the miR-214 mimic negative control (NC) group (treated with isotype matched NC), the miR-214 inhibitor group, the miR-214 inhibitor NC group (treated with isotype matched NC), the empty vector group (treated with pcDNA3.1), the Mfn2 over-expressed group, and the miR-214 mimic + Mfn2 over-expressed group. According to the grouping, cells in the miR-214 
Dual luciferase reporter assay
According to the prediction results of TargetScan (http://www.targetscan.org/) software, the 3'-UTR region of Mfn2 that contained the miR-214 target sequence was cloned into the luciferase reporter vector pGL4 (Promega Corporation, Madison, WI, USA) for the construction of the pGL4-Mfn2-WT-3'-UTR plasmid. The core sequence of the 3' UTR region of Mfn2 (the target gene of miR-214) was mutated to construct the luciferase reporter plasmid PGL4-Mfn2-mut-3'-UTR (used as the control) containing Mfn2 3'-UTR mutant. The previously construct luciferase reporter plasmid and mutant plasmid were co-transfected with the miR-214 mimic, miR-214 mimic NC, miR-214 inhibitor and miR-214 inhibitor NC into HEK-293A cells. Luciferase activity was detected via a dual-luciferase reporter assay (Promega, Madison, WI, USA) after 24 h of transfection.
Establishment of stress urinary incontinence (SUI) models and grouping
A total of 100 healthy SD rats (20 males and 80 females, 8 weeks of age) weighing 180-200 g were purchased from Shanghai Slac Laboratory Animal (Shanghai, China). All animals were kept in a Specific pathogen Free (SPF) laboratory animal room at room temperature (24~26°C) under a 12 h light/dark cycle with a relative humidity of 40-70%. The SUI model was created according to the methods described by Resplande J [16] . The female rats were randomly divided into an SUI group (n = 72) and a sham group (n = 8) and were placed in a cage with a female-to-male ratio of 4:1. After one month, a total of 54 pregnant rats, including 48 in the SUI group and 6 in the sham group, were collected. In the SUI group, birth trauma was simulated. A 14 Frey catheter was inserted approximately 3 cm into the vagina of anaesthetized rats, and 5 ml of normal saline was injected to stimulate the vagina. The catheter was taken out after 4 h, and the rats were put back in the cage. Two weeks later, a bilateral oophorectomy was performed and 7 days later antibiotics were administered to prevent infection. After two weeks of conventional feeding, the SUI rats were obtained. In the sham group, a 14 Frey catheter was inserted approximately 3 cm into the vagina of rats without the injection of normal saline. The catheter was taken out after 4 h and rats were put back in the cage. The establishment of the models was verified with the urodynamic test and the sneezing test. Then, 48 SUI rats were randomly divided into 8 groups: SUI model, rADMSCs, rADMSCs + miR-214 mimic NC, rADMSCs + miR-214 mimic, rADMSCs + miR-214 inhibitor NC, rADMSCs + miR-214 inhibitor, rADMSCs + Mfn2 over-expressed and rADMSCs + miR-214 mimics + Mfn2 over-expressed groups, with 6 rats in each group. Rats in the rADMSCs group were injected with 5 × 10 6 rADMSCs in the tissues surrounding the urethra. Rats in the rADMSCs + miR-214 mimic NC, rADMSCs + miR-214 mimic, rADMSCs + miR-214 inhibitor NC and rADMSCs + miR-214 inhibitor groups were injected with 5 × 10 6 rADMSCs, and transfected with 0.4 ml of P2GM-miR-214 mimic NC, P2GM-miR-214 mimic, P2GM-miR-214 inhibitor NC and P2GM-miR-214 inhibitor plasmid at 1 day intervals with Entranster TM-in vivo solution (Engreen Biosystem Co, Ltd, Beijing, China). In the rADMSCs + Mfn2 over-expression group, rats were injected with 5 × 10 6 rADMSCs, and then 0.4 ml of Entranster TM-in vivo solution and 100 μg of pcDNA3.1-Mfn2 plasmid were injected at 1 day intervals. Rats in the rADMSCs + miR-214 mimics + Mfn2 over-expression group were injected with 5 × 10 6 rADMSCs. Then, 0.4 ml of Entranster TM-in vivo (Engreen Biosystem Co, Ltd, Beijing, China) and 100 μg P2GM-miR-214 mimic and 100 μg pcDNA3.1-Mfn2 plasmid were injected at 1 day intervals. Rats in the SUI model group were continuously injected with the same volume of normal saline for 2 weeks.
Urodynamic test
After anesthesia, 10 cm epidural catheters were inserted (3-4 cm) and fixed in the urethras of rats. A three-way pipe was connected after emptying the bladder and Meilan injection liquid (Sigma-Aldrich Chemical Company, St Louis MO, USA) was poured into the bladder at approximately 0.5 ml/min from one end of a syringe while the other end was connected to the BL-410 system (Chengdu Techman Software Co. Ltd, Chengdu, China). The bladder pressure was at a leak point pressure (LPP) when there was a drop of liquid in the urethra and the capacity of the bladder was at the maximal value. The test was repeated twice on each rat, and the average value was taken as the final value.
Sneezing test
The rat bladders were emptied again and injected with Meilan liquid at half the volume of the capacity of each bladder after the urodynamic test. Then, pepper powder was put into the noses of rats to stimulate the sneezing reflex and the flow of Meilan liquid from the meatus urinarius was observed. Rats with flowing urine were classified as positive; otherwise, they were regarded as negative, and the positive ratio was calculated.
Hematoxylin-eosin (HE) and Masson staining
After the in vitro detections were completed, complete urethra, vagina and fascia tissue and bladder tissue were extracted and fixed with 4% PFA overnight. The urethra and surrounding tissues were routinely dehydrated, embedded in paraffin wax, cut into 5 μm sections and conventionally dewaxed. HE and Masson staining was performed. Tissue histomorphology was observed and filmed under a light microscope.
Quantitative real-time polymerase chain reaction (qRT-PCR)
After 14 days of osteogenic and adipogenic induction in vitro, rADMSCs were collected. The urethra and surrounding tissues were collected from each group after 8 weeks of treatment. Small RNA was extracted with a miRcute miRNA isolation kit (Tiangen Biotech (Beijing) Co. Ltd., Beijing, China). The cDNA was synthesized via miRcute microRNA first-strand cDNA synthesis (Tiangen Biotech (Beijing) Co. Ltd., Beijing, China) and the miR-214 gene was detected with qPCR detection kits (Tiangen Biotech (Beijing) Co. Ltd., Beijing, China). Total RNA of each group was extracted with Trizol (Invitrogen Inc., Carlsbad, CA, USA). The cDNA was obtained via reverse transcription according to the manufacturer's instructions (Tiangen Biotech (Beijing) Co. Ltd., Beijing, China). qRT-PCR was performed with SYBR Green Mix (Roche, Switzerland) by the Applied Biosystems ViiA™ 7 (Thermo Fisher Scientific, America). The reaction system of each gene contained a total volume of 20 μL, including 10 μL of 2 × SYBR Green, 0.3 μL each of the upstream primer and the downstream primer (20 μM), 1 μL of cDNA and 8.4 μL ddH2O. qRT-PCR reaction conditions were as follows: pre-denaturing at 95°C for 5 min, 40 cycles of denaturing at 95°C for 30 s and annealing at 60°C for 1 min. The PCR primers of Fibroblast-specific protein 1 (FSP1), Collagen I/III, Elastin, Lysyl oxidase-like-1 (LOX-1), Fibulin-5, Peroxisome proliferators-activated receptor-γ (PPAR-γ), and Runt-related transcription factor 2 (Runx2) were designed by Primer Premier 3.0. β-actin was used as the internal reference in the mRNA quantitative measurement and U6 in the miRNA quantitative measurement. All primers were synthesized by Sangon Biotech Co. Ltd. (Shanghai). The primer sequences are shown in Table 2 . The 2 -ΔΔCt method was used to calculate the relative expression of target genes and miRNA.
Western blotting After 14 days of osteogenic and adipogenic induction in vitro, rADMSCs were collected. In addition, the urethra and surrounding tissues were extracted from each group after 8 weeks of drug intervention. Enhanced RIPA lysis solution (Boster, Wuhan, China) that contained protease inhibitor was used to split the cells and tissues, then the concentration of protein was measured with a BCA protein quantitative Kit (Boster, Wuhan, China). Proteins were separated by electrophoresis via 10% SDS-PAGE and transferred onto a polyvinylidene difluoride (PVDF) membrane and blocked with 5% BSA for 2 h at room temperature. Rabbit antibodies against FSP1, Collagen I, Collagen III. Elastin, LOX, Fibulin-5, PPAR-γ, Runx2 and Mfn2
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(1:1000, Abcam, Cambridge, MA, USA) were added to the membrane, and the membrane was incubated at 4°C overnight, washed 3 times with TBST and further incubated with the secondary goat rabbit antibodies (1:10000) at 37°C for 1 h. After it was washed 3 times with TBST, the membrane was developed in ECL solution (EMD Millipore, Billerica, MA, USA). GAPDH was used as the internal reference, and the relative change of protein expression was calculated.
Statistical analysis
The statistical analysis was conducted with SPSS 21.0 software (SPSS, Inc., Chicago, IL, USA). All enumeration data were presented as the mean ± standard deviation (SD). Independent sample t tests were used to compare within two groups and a one-way ANOVA was used to compare among groups. The results with P < 0.05 were considered statistically significant.
Results
rADMSCs were successfully isolated from rats After 24 h, the primary culture medium was changed, and the adherent cells showed an elongated or polygonal shape with irregular morphology, less cytoplasm, a large cell nucleus and strong light refraction (Fig.  1A) . With the culture time increased, these cells became longer and larger with more of a spindle-shape, and the cell colony formed. The cells in the colonies continued to proliferate. Approximately 5~7 day later, the bottom of the culture dish was covered by the cells, and the arrangement of the cells was spiral in shape (Fig. 1B) . The cells were purified by passage and became long and fused. After more than 3 passages of purified culture, there was no change in cell shape (Fig. 1C) . The expression of CD90 and CD44 in ADMSCs was detected via flow cytometry. The results demonstrated that CD90 and CD44 were highly expressed in the third-generation ADMSCs, and the expression of CD34, CD45 and CD106 on hematopoietic system cells was low or silenced (Fig. 1D) . The experiments demonstrated that rADMSCs were successfully isolated from rats.
Isolated rADMSCs had a bi-directional potential of adipogenic and osteogenic differentiation
The results of the MTT assay revealed that the growth curve of the third-generation rADMSCs was an S curve; the first 2 days was the latent period, the third day was the logarithmic growth phase and the peak was at the seventh day. After that, the rADMSC growth was stable, and cells were grown to 90% confluence ( Fig. 2A) . After 14 days of osteogenic and adipogenic induction, positive expression was shown in the third-generation rADMSCs (Fig. 2B, Fig. 2C ). All above results implied that the isolated rADMSCs had a bi-directional potential of adipogenic and osteogenic differentiation.
Expression of miR-214 and Mfn2 in rADMSCs and fiber formation of rADMSCs
At the 14th day of rADMSC fibroblast differentiation, a change in cell shape was observed; the cells became more plump and spindle-shaped than before the induction, and the cytoplasm was more abundant (Fig. 3A, Fig. 3B ). Immunohistochemical staining results revealed that FSP1 was positively expressed in the induction group but not in the control group (Fig. 3C, Fig. 3D ). Immunofluorescence staining results revealed that Collagen I expression was positive in the induction group, but the expression was negative in the control group (Fig. 3E, Fig. 3F ). The qRT-PCR results demonstrated that the mRNA and protein expression of fiber-forming-related genes (FSP1, Collagen I, Collagen III, Elastin, LOX and Fibulin-5) in the induction group were significantly higher than in the blank group (P < 0.05) (Fig. 3G, Fig. 3I, Fig. 3J ), but there was no significant difference in the mRNA and protein expression of adipogenic marker genes (PPAR-γ and Runx2) (Fig. 3H, Fig. 3K, and Fig.  3L ), demonstrating that rADMSCs could differentiate into fibroblasts under certain inducing conditions. After fibroblast induction, miR-214 expression was up-regulated (Fig. 3H) , but the protein expression of Mfn2 was down-regulated (Fig. 3K, Fig. 3L ). The mRNA expression of Mfn2 was not significantly different (Fig. 3H) .
The fiber-forming ability of rADMSCs in each group
As shown in Fig. 4 , miR-214 expression in the miR-214 mimic group was significantly higher than in the miR-214 mimic NC group, but miR-214 expression in the miR-214 6 . Urodynamic and sneezing test results of rats before and after treatment in the eight groups. Notes: (A) maximal bladder capacity of rat models in the eight groups before treatment; (B) leak point pressures of rat models in the eight groups before treatment; (C) maximal bladder capacity of rat models in each group after treatment; (D) leak point pressure of rat models in the eight groups after treatment; (E) positive sneezing test rates of rat models in each group after treatment; *, P < 0.05 compared with the sham group; *P < 0.05 compared with the SUI group; *, P < 0.05 compared with the rADMSCs group; rADMSCs, rat adipose-derived mesenchymal stem cells. > 0.05). The mRNA expression of Mfn2 in the over-expressed Mfn2 group was significantly higher than in the blank control group, suggesting that Mfn2 was successfully overexpressed (Fig. 4A, Fig. 4B ). The results of Western blotting (Fig. 4C, Fig. 4F ) demonstrated that, compared with the blank control group, the expression of FSP1, Collagen I, Collagen III, Elastin, LOX and Fibulin-5 in the miR-214 mimic group was increased significantly (P < 0.01), but the protein expression of PPAR-γ and Runx2 was decreased (P < 0.05). The expression of FSP1, Collagen I, Collagen III, Elastin, LOX and Fibulin-5 in the miR-214 inhibitor group and the over-expressed Mfn2 group was decreased significantly, but the protein expression of PPAR-γ and Runx2 in these two groups was significantly increased (P < 0.05). Compared with the blank control group, there was no significant difference in the protein expression among the miR-214 mimic NC, the miR-214 inhibitor NC, the empty vector and the miR-214 mimic + over-expressed Mfn2 groups (P > 0.05). The miR-214 mimic had no significant effect on the mRNA expression of Mfn2, but could significantly down-regulate the protein expression of Mfn2, indicating that miR-214 could regulate the Mfn2 gene at the post transcriptional level.
Mfn2 was the direct target gene of miR-214
Target Scan revealed that the binding site of miR-214 was Mfn2 3'-UTR 177-183 (Fig.  5A) . Dual luciferase reporter assay demonstrated that the luciferase activity was significantly decreased in the group co-transfected with PGL4-Mfn2-WT-3'-UTR and miR-214 mimic, but no significant difference was found in the group co-transfected with PGL4-Mfn2-mut-3'-UTR and miR-214 mimic (Fig. 5B) . In addition, the luciferase activity was increased in the group co-transfected with PGL4-Mfn2-WT-3'-UTR and miR-214 inhibitor; but there was no significant difference in group co-transfected with PGL4-Mfn2-mut-3'-UTR and miR-214 inhibitor (Fig. 5C) . All above results indicated that miR-214 could inhibit the protein expression of Mfn2 through binding to Mfn2 3'-UTR site directly.
The results of the urodynamic test and the sneezing test in each group
After the rat model was constructed, the maximum bladder capacity and leak point pressure in the SUI model group were both smaller than those in the sham group (P < 0.05) (Fig. 6A, Fig. 6B ). The sneezing test results in the SUI group were positive, but they were negative in the sham group, suggesting that the SUI models were successfully established. After 4 weeks of rADMSC transplantation, the maximum bladder capacity and leak point pressure in the SUI group were significantly increased (P < 0.05), and the positive rate of the sneezing test was significantly lower (P < 0.05). The combination of miR-214 and rADMSCs could enhance the effect of rADMSC transplantation on the promotion of the maximum bladder capacity and leak point pressure in SUI rats, and further decreased the positive rate of the sneezing test (P < 0.05). The miR-214 inhibitor and the over-expression of Mfn2 could inhibit the effect of rADMSC transplantation on the promotion of the maximum bladder capacity and leak point pressure in SUI rats (P < 0.05) and could block the inhibitory effect of rADMSC transplantation on the sneezing test (P < 0.05). Compared with the rADMSCs group, the maximum bladder capacity, leak point pressure and the positive sneezing test rates were not significantly different among the rADMSCs + miR-214 mimic NC, rADMSCs + miR-214 inhibitor NC and rADMSCs + miR-214 mimic + Mfn2 over-expression groups (P > 0.05).
Results of HE and Masson staining of urethral and surrounding tissues in each group
HE staining results indicated that the arrangement of muscle fibers in urethral and surrounding tissues was dense with a complete muscular layer and no rupture in the sham group and was pink in color. However, in the SUI model group, the muscular layer of the urethral wall was damaged, thin, deranged, loose and shrunken. rADMSC transplantation could significantly improve the arrangement and density of muscle fibers to tighten the muscular layer and connective tissues of the fascia. Additionally, the muscle fiber structure was completely repaired in the group co-transfected with miR-214 and rADMSCs, but the miR-214 inhibitor and the over-expression of Mfn2 could block the reparative effect of rADMSCs on the muscle fiber structure in the SUI group, which could be observed in the rADMSCs + miR-214 mimic NC, the rADMSCs + miR-214 inhibitor NC, the rADMSCs + miR-214 mimic + Mfn2 over-expression and the rADMSCs groups (Fig. 7) . Masson staining resulted in collagen fibers that were stained blue in color with homogeneous staining and a larger stained area. In the SUI group, the collagen fibers were stained light blue, loose and deranged, and the proportion of connective tissues was significantly increased. The partial vascular wall was thickened with hyalinization. After rADMSC transplantation, the collagen staining was enhanced with a regular arrangement. The co-transfection of miR-214 and rADMSCs could significantly enhance collagen expression, accelerate the repair of structure 
The fascia formation-related protein expression in rat urethra and surrounding tissues in each group
qRT-PCR and Western blotting demonstrated that miR-214 expression was significantly decreased in the SUI model group compared with the sham group (P < 0.05). rADMSC transplantation could significantly increase the miR-214 expression in the SUI model group (P < 0.05) (Fig. 8A) . The mRNA and protein expression of Mfn2 in the SUI group was significantly higher than in the sham group, indicating that rADMSC transplantation could inhibit Mfn2 expression in SUI rats (P < 0.05). However, the miR-214 mimic could enhance the inhibition of rADMSCs on Mfn2 expression in SUI rats (P < 0.05), and the miR-214 inhibitor could block the inhibition of rADMSCs on the protein expression of Mfn2 in SUI rats (P < 0.05). However, the rADMSCs, miR-214 mimic and miR-214 inhibitor had no significant effect on Mfn2 mRNA expression (P < 0.05). Compared with the SUI group, Mfn2 expression was significantly increased both in the rADMSCs + Mfn2 over-expressed group and the rADMSCs + miR-214 mimic + Mfn2 over-expressed group (P < 0.05), suggesting that Mfn2 was successfully over-expressed in vivo. Compared with the sham group, the mRNA and protein expression of Collagen I, Collagen III, Elastin, LOX and Fibulin-5 in the SUI group was decreased significantly (P < 0.05), which suggested that rADMSC transplantation could up-regulate the expression of Collagen I, Collagen III, Elastin, LOX and Fibulin-5, and the combination of miR-214 mimic and rADMSCs could further increase the protein expression of those factors (P < 0.05). However, a miR-214 inhibitor and the over-expression of Mfn2 could block the effect of rADMSCs on the enhancement of the expression of Collagen I, Collagen III, Elastin, LOX and Fibulin-5 in the SUI model group (P < 0.05). Compared with the rADMSCs group, the expression of Collagen I, Collagen III, Elastin, LOX and Fibulin-5 had no significant influence on the rADMSCs + miR-214 mimic NC, the rADMSCs + miR-214 inhibitor NC and the rADMSCs + miR-214 mimic + Mfn2 over-expression groups (P < 0.05) (Fig. 8) .
The expression of LOX, Fibulin-5 and Elastin in rat urinary tissues and surrounding tissues in each group
As shown in Fig. 9 , the staining of LOX, Fibulin-5 and Elastin in the SUI group was weaker than in the sham group, and the area of expression was also reduced. The rADMSC intervention could enrich the expression of LOX, Fibulin-5 and Elastin in SUI rats. The miR-214 mimic could enhance the effect of rADMSCs on the up-regulation of the protein expression of LOX, Fibulin-5 and Elastin in the SUI group, but the miR-214 inhibitor and the over-expression of Mnf2 could block the effect of rADMSCs on the up-regulation of the expression of LOX, Fibulin-5 and Elastin (Fig. 9A ). No significant difference was found among the rADMSCs, the rADMSCs + miR-214 mimic NC, the rADMSCs + miR-214 inhibitor NC, the rADMSCs + miR-214 mimic + Mfn2 over-expression groups. Statistical analysis indicated that the IOD values of Loxl, Fibulin-5 and Elastin in the SUI group were significantly decreased compared with the sham group (P < 0.05), and rADMSCs could increase the IOD values of LOX, Fibulin and Elastin in SUI rats (P < 0.05). The combination of miR-214 mimic and rADMSCs could further enhance the effect of rADMSC transplantation on the up-regulation of IOD values of LOX, Fibulin and Elastin (P < 0.05). However, the miR-214 inhibitor and over-expressed Mnf2 could inhibit the up-regulation of the protein expression of LOX, Fibulin and Elastin (P < 0.05). The IOD of LOX, Fibulin and Elastin was not significantly different among the rADMSCs group and the rADMSCs + miR-214 mimic NC, rADMSCs + miR-214 inhibitor NC, or the rADMSCs + miR-214 mimic + Mfn2 over-expression groups (P > 0.05) (Fig. 9B) .
Discussion
PFD consisted of SUI and pelvic organ prolapse (POP), which had a high rate of incidence in many adult females [17, 18] . Mesenchymal stem cells (MSCs) could be separated easily and amplified from a variety of adult tissues, and the transplantation of rADMSCs was a target for PFD treatment [19] . In addition, previous studies had demonstrated that some miRNA could positively regulate rADMSCs [20, 21] . Therefore, our study aimed to explore the effect of miR-214 modified rADMSCs on the recovery of PFD.
It was found in this study that rADMSCs could be successfully isolated and purified, and rADMSCs exhibited proliferation potential as well as adipogenic and osteogenic differentiation. Consistent with these results, many previous studies have also illustrated these kinds of functions of ADMSCs [22, 23] . In addition, it has been shown that bone marrow mesenchymal stem cell (BMSC) transplantation could enhance the closing pressure and leak point pressure in a rat model of SUI [24] . MSC injection was also able to improve bladder function in a rat model, and could reduce the positive rate of sneezing in SUI rats [25, 26] . Moreover, miR-214 was ubiquitous in different tissues and cells, it could regulate many pathophysiologic processes by targeting mRNAs, and miR-214 was overexpressed in MSCs of mice [9] . Therefore, miR-214 combined with rADMSC injection could significantly strengthen rADMSC transplantation by increasing the maximum bladder capacity and leak point pressure of SUI rats, and reducing the positive rate of sneezing. In addition, the expression of type X collagen (COL X) in MSCs and hMSCs could improve collagen expression [27] . Similarly, studies had shown that MSCs in damaged tissues strengthened tissue repair, which was a crucial process for clinical efficacy, and MSCs were suitable for the repair of fascia in tissue forming cells so that MSCs could be the treatment for connective tissues [28] [29] [30] . As a result, miR-214 combined with rADMSC injection could further improve collagen expression, repair tissue structures, and tighten muscular and fascial connective tissues, which were confirmed by previous studies and this experiment. In addition, this study verified that Mfn2 was the target gene of miR-214, and miR-214 regulated the Mfn2 gene at the post-transcriptional level. MiR-214 expression also increased and Mfn2 expression decreased during the fibroblast differentiation of rADMSCs. Bucha et al. illustrated that the increased expression of miR-214 could target Mfn2 [31] . Consistently, miR-106b targeted the 30 untranslated regions (30 UTRs) of Mfn2, and Mfn2 proteins were abundant at the post-transcriptional level so that miR-214 could regulate Mfn2 gene at the posttranscriptional level [15, 32] . Previous studies have shown that miR-214 was overexpressed in MSCs of mice, but the expression of Mfn2 was lower in hematopoietic stem cells [9, 33] . In addition, adult bone marrow (BM)-derived stem cells were generated from HSCs and MSCs represented an important cell source for damaged tissue repair, indicating that the expression of Mfn2 decreases in rADMSCs [34] . This study also illustrated that miR-214 could promote rADMSC fibroblast differentiation and enhance the expression of Collagen I, Collagen III, Elastin, LOX and Fibulin-5. Consistently, the combination of fibrous scaffolds and connective tissues could positively regulate MSC fibroblast differentiation, and miR-214 was shown to make connective tissues tighter, demonstrating that miR-214 could promote MSC fibroblast differentiation [35] . Moreover, a previous study had shown that miR-214 could inhibit the expression of Mfn2 and improve the expression of collagen in the fibrotic heart and fibroblasts [15] . The co-culture of pelvic ligament fibroblasts could stimulate BMSC elastin, LOX, Fibulin-5 protein expression and miR-214 could promote MSC fibroblasts, which showed that miR-214 was able to up-regulate the expression of elastin, LOX and Fibulin-5 [17] .
In conclusion, our study found that miR-214 could regulate Mfn2 by modifying rADMSCs during the recovery of PFD. MiR-214 combined with rADMSC injection could strengthen rADMSC transplantation and repair tissue structures. In addition, the up-regulated miR-214 and down-regulated Mfn2 promotes rADMSC fibroblast differentiation and enhances Mfn2 expression. However, the specific mechanism of PFD treatment is not yet known, and further empirical studies are needed.
